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Introduction
Crohn's disease (CD) and ulcerative colitis (UC), summarized under the term inflammatory bowel diseases (IBD), are chronic inflammatory disorders of the gastrointestinal tract that develop from a dysregulated mucosal immune response to commensal gut flora in genetically susceptible individuals [1, 2] .
Various extraintestinal manifestations can be associated with IBD [3] . Primary sclerosing cholangitis (PSC) represents the main hepatobiliary extraintestinal manifestations related to IBD. PSC-associated IBD can be found in 60-80% of affected patients [4] . Conversely, PSC may be observed with a lifetime prevalence of about 5% of patients with UC and less frequently in patients with CD [5] . PSC is a chronic and progressive disorder characterized by inflammation, fibrosis, and the stricturing processes in the intrahepatic and extrahepatic biliary tree, leading to end-stage liver disease and associated complications such as cholangiocarcinoma [6, 7] . Median survival without liver transplantation after PSC diagnosis is 10 to 12 years [8] [9] [10] . The exact pathogenesis of PSC is unknown, but environmental as well as genetic factors likely contribute [11, 12] .
Patients with IBD and concomitant PSC may be characterized by a distinct IBD phenotype that differs from IBD patients without PSC. Pancolitis has been reported to be more prevalent in IBD patients with concomitant PSC compared with IBD patients without PSC [13, 14] .
Data on the prevalence of PSC, associated risk factors, and natural history from large cohort studies are still limited. Thus, we aimed to answer the following questions using data from the Swiss Inflammatory Bowel Disease Cohort Study (SIBDCS) . First, what is the PSC prevalence in all IBD patients and what is the PSC prevalence stratified according to UC and CD? Second, which independent risk factors are associated with PSC in IBD patients? Third, which clinical criteria characterize PSC-IBD patients compared with IBD patients without concomitant PSC?
Since 2006, IBD patients from all regions of Switzerland have been included in the nationwide SIBDCS that is supported by the Swiss National Science Foundation and approved by the local ethical committees [15] . Data acquisition focuses on clinical, socioeconomic, and psychosocial data. Written informed consent is mandatory for inclusion into this cohort as well as permanent residence status in Switzerland or Swiss health insurance. A thorough clinical and laboratory assessment is performed at the time of enrollment. Patients attend follow-up visits at least once a year. The enrollment and follow-up questionnaires capture clinical, socioeconomic, and psychosocial data. Questionnaires assessing the clinical characteristics of IBD patients are completed by the treating physicians, whereas questionnaires that assess, among others, quality of life, social impairment, and symptoms, are completed by IBD patients themselves. Data obtained from patients included in the SIBDCS between July 2006 and May 2014 were analyzed in this study. Patients included in the SIBDCS were recruited in the following healthcare settings: 61% at university hospitals, 13% in large nonuniversity hospitals, 6% in cantonal hospitals, and 20% in private practices across Switzerland.
Methods
Data obtained from questionnaires completed by patients and physicians were collected and validated in the data center of the SIBDCS. Rigorous rules were followed to ensure data quality. The diagnosis of PSC was made on the basis of either characteristic alterations of the biliary tree on magnetic resonance cholangiography or endoscopic retrograde cholangiography [16] . The following disorders had to be excluded before PSC was diagnosed: recurrent or chronic bacterial cholangitis, infectious or ischemic cholangiopathy, choledocholithiasis, diffuse intrahepatic metastases, recurrent pancreatitis, IgG4-associated cholangitis, biliary tree alterations after intra-arterial chemotherapy, portal hypertensive biliopathy, and surgical biliary trauma. Liver enzyme abnormalities were not assessed systematically. As information on liver transplantation and PSC-related mortality was not systematically recorded in the questionnaires, the authors contacted the treating physicians of all IBD patients with concomitant PSC to request the following additional information: time of PSC diagnosis, diagnostic modalities, development of cholangiocarcinoma, necessity to undergo liver transplantation related to PSC, and PSC-associated mortality.
Disease location was grouped according to the Montreal classification [17] . For CD, L1 denotes disease in the terminal ileum, L2 denotes disease in the colon, L3 denotes ileocolonic disease, and L4 denotes isolated disease in the upper gastrointestinal tract. For UC, E1 denotes ulcerative proctitis, E2 denotes left-sided colitis, and E3 denotes extensive colitis.
Statistical analysis
Clinical data were retrieved from the SIBDCS Data Center (Institute of Social and Preventive Medicine, University of Lausanne). All statistical examinations were performed using a statistical package program (STATA, version 12.1; StataCorp., College Station, Texas, USA). Data distribution was analyzed using normal-QQ-plots. Results of the analysis of the quantitative data are presented as either mean SD and range (for Gaussian data) or median and interquartile range (IQR) (for non-Gaussian data). Categorical data were summarized as the percentage of the group total. Differences in distributions of quantitative data were assessed using Student's t-test (for Gaussian data) and the Wilcoxon rank-sum test (for non-Gaussian data). Differences between the frequencies for categorical data were assessed using the χ 2 -test or the Fisher's exact test in case of a small sample size.
To identify factors associated with PSC in IBD, multivariate logistic modeling was performed. First, age at the time of diagnosis, sex, disease location at the time of diagnosis, smoking status at the time of diagnosis, and history of appendicectomy were entered as dichotomous variables, and IBD disease duration was entered as a continuous variable into the univariate logistic regression model. Univariate variables with a P-value less than 0.15 were entered into the multivariate logistic model. The results are presented as odds ratio, 95% confidence interval, and corresponding P-values. Survival curves for PSCrelated mortality were calculated according to the Kaplan-Meier method. A P-value of less than 0.05 was considered to be statistically significant.
Results

Prevalence of PSC in the SIBDCS and clinical characteristics of the PSC-IBD patients
Among 2744 IBD patients [of whom 1556 (56.7%) had CD and 1188 (43.3%) had UC], 57 patients with PSC were identified. Of these, 48 (84.2%) had underlying UC (UC-PSC) and nine (15.8%) had CD (CD-PSC). The cumulative PSC prevalence was 4.04% in UC patients and 0.58% in CD (P < 0.001). PSC was significantly more prevalent in men compared with women (risk ratio 2.54,
The clinical characteristics of UC and CD patients with concomitant PSC are shown in Table 1 . Compared with CD-PSC patients, UC-PSC patients were characterized by the following findings: they underwent significantly less frequently intestinal (small bowel) surgery (10.4 vs. 44.4%, P = 0.027) and perianal fistula/abscess surgery (4.2 vs. 33.3%, P = 0.024), but they underwent colectomy significantly more frequently (39.6 vs. 0%, P = 0.022). Furthermore, UC-PSC patients were significantly less frequently smoking at IBD diagnosis compared with CD-PSC patients (4.2 vs. 44.4%, P < 0.001). 5-Aminosalicylic acid was more frequently used (ever) in UC-PSC patients (85.4 vs. 44.4%, P = 0.015) compared with CD-PSC patients, whereas immunomodulators were less frequently applied (ever) (54.2 vs. 100%, P = 0.009).
Comparison of UC-PSC patients to UC patients without PSC
The clinical characteristics and outcomes of the UC-PSC patients (n = 48) compared with the UC patients without PSC (n = 1140) are shown in Table 2 . The length of the follow-up period was comparable between the groups (69.6 months for UC patients vs. 73.5 months for UC-PSC patients, P = 0.731).
Compared with UC patients without PSC, UC-PSC patients were more frequently men (77.1 vs. 53%, P = 0.001), they were younger at UC diagnosis (median 24 vs. 31 years, P = 0.001), they more often had pancolitis (55.3 vs. 37.8%, P = 0.017), and they more often underwent colectomy (39.6 vs. 8.3%, P < 0.001).
Among the 48 UC-PSC patients, we identified four (8.3%) patients with cholangiocarcinoma. In one patient, the cholangiocarcinoma was found only in the explanted liver after transplantation. Of the 48 UC-PSC patients, six (12.5%) underwent liver transplantation because of recurrent episodes of cholangitis (12.5%). During followup, five (10.4%) UC-PSC patients died. The cause of death was cholangiocarcinoma in four patients, whereas one patient died because of advanced liver dysfunction while awaiting liver transplantation. In UC patients without concomitant PSC, the occurrences of cholangiocarcinoma and liver transplantation were not assessed systematically by the cohort questionnaires.
Comparison of CD-PSC patients with CD patients without PSC
The clinical characteristics and outcomes of the CD-PSC patients compared with the CD patients without PSC are shown in Table 3 . Out of 1556 CD patients, a total of nine patients (0.6%) had concomitant PSC (CD-PSC). On comparing CD-PSC patients and CD patients without PSC, we observed no statistical difference in the different items. Any comparison between these two groups is limited, given the small number of CD-PSC patients.
Risk factor analysis for PSC in UC patients
We performed first univariate and then multivariate logistic regression modeling to identify independent risk factors for the occurrence of PSC in UC patients. The results are shown in Table 4 . Male sex, nonsmoker status, pancolitis at diagnosis, as well as a history of appendicectomy were found to be associated independently with PSC in UC patients. P-values for distinct locations: proctitis, P = 0.002; left-sided colitis, P = 0.044; pancolitis, P = 0.017; unknown disease location, P < 0.001. *P-value for all disease locations together. com No regression modeling for the identification of risk factors for concomitant PSC was performed in CD patients, given the limited patient number.
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Long-term evolution of IBD-PSC patients
The long-term evolution of IBD-PSC patients was characterized by considerable morbidity and mortality. During a median follow-up time of 74.8 months (6.3 years), 6/57 (10.5%) of IBD-PSC patients underwent liver transplantation because of progressive liver failure and/or recurrent episodes of bacterial cholangitis. All patients who underwent transplantation had underlying UC. In one of the transplanted patients, a cholangiocarcinoma was identified in the explanted liver. The median time interval from PSC diagnosis to diagnosis of cholangiocarcinoma (n = 4) was 6 years (IQR 3.5-9, range 3-10 years) and 6.5 years (IQR 3-11, range 3-19 years) from PSC diagnosis to liver transplantation (n = 6). During the follow-up period, 5/57 (8.8%) of IBD-PSC patients died; all of them had underlying UC. Survival of IBD-PSC patients was significantly worse compared with IBD patients without concomitant PSC ( Fig. 1 , P = 0.001). Mortality in UC-PSC patients during the follow-up period was 10.4% (5/48) for PSC-UC patients compared with 1.8% (20/1440) for UC patients without concomitant PSC (P = 0.003, Table 2 ). No difference in mortality was identified on comparing CD-PSC patients (n = 9) with CD patients without concomitant PSC (n = 1547, P = 0.612, Table 3 ).
All IBD patients with cholangiocarcinoma had UC. A total of 4/48 (8.3%) of UC-PSC patients developed cholangiocarcinoma during the follow-up interval. As such, the annual incidence rate of cholangiocarcinoma in UC-PSC patients was 1.3%. With a comparable median length of follow-up (76.5 vs. 69.6 months), UC-PSC patients developed significantly more frequently a colorectal cancer compared with UC patients without concomitant PSC (2/48 vs. 9/1440, P = 0.017, Table 2 ). However, it has to be taken into account that the median disease duration was longer in UC-PSC patients compared with UC patients without concomitant PSC (13 vs. 9 years, P = 0.005). A longer disease duration increases the risk of being diagnosed with colorectal cancer.
Discussion
We present data from the large and well-characterized SIBDCS on the prevalence of PSC, associated risk factors, and the long-term outcome. Our study reports several observations that are clinically relevant: first, PSC is more prevalent in UC than in CD patients. Second, male sex and pancolitis at diagnosis are risk factors for PSC. Third, the mortality of IBD patients with concomitant PSC is significantly higher compared with IBD patients without PSC.
Over a median disease duration of 13 years for UC and 15 years for CD, we observed a PSC prevalence of 4.04% in UC patients and of 0.58% in CD patients. Our prevalence data are in accordance with the findings from Olsson et al. [18] , who conducted a survey in 1500 UC patients in Sweden. Of these, 72 patients (4.8%) were identified to have elevated serum alkaline phosphatase. On the basis of the findings of endoscopic retrograde cholangiopancreatography, which was performed in 65 patients, PSC was diagnosed in 55/1500 UC patients (3.7%). Again, similar to our findings, the authors found that PSC was more prevalent in men and more prevalent in UC patients with pancolitis compared with patients with distal colitis [18] . Furthermore, our findings are in line with the data of Broomé et al. [19] , who evaluated 1274 UC patients with a follow-up period of 3 years, during which 29 patients (2.3%) developed PSC. During the follow-up period, 12 PSC patients died, four because of cholangiocarcinoma and eight because of hepatic failure, whereas one patient underwent liver transplantation [19] . In accordance with our findings, the authors observed an increased mortality in UC patients with concomitant PSC compared with patients with UC without PSC. Given the longer follow-up period, it is to be expected that the PSC prevalence in the SIBDCS is slightly higher compared with the data from Broomé and colleagues.
In our cohort, PSC prevalence in CD patients (0.58%) was clearly lower compared with UC patients (4.04%). Despite a comparable follow-up time of 15 years, the PSC prevalence in CD patients is lower than that reported by Rasmussen et al. [20] , who diagnosed PSC, on the basis of liver enzyme abnormalities and compatible findings in endoscopic retrograde cholangiopancreatography, in 9/262 (3.4%) of CD patients. It is noteworthy that all PSCaffected CD patients in that study had colonic involvement [20] .
We carried out an extensive analysis on potential associated factors for PSC development in UC patients by means of logistic regression modeling. We identified male sex, pancolitis at UC diagnosis, nonsmoker status at diagnosis, as well as a history of appendicectomy as factors significantly associated with a diagnosis of PSC. Our data confirm the findings of Joo et al. [21] , who previously reported that UC patients with PSC had more frequently extensive disease and pancolitis, when compared with UC patients without concomitant PSC. In addition, we were also able to reproduce the already published evidence that male sex is a risk factor for PSC development among UC patients [22] . We found cigarette smoking at UC diagnosis to be a significant independent protective factor for PSC development (odds ratio 0.12, P = 0.040). The protective effect of cigarette smoking on PSC development was already shown two decades ago [23, 24] . Controversial evidence is found in the literature on the impact of appendicectomy on the risk of PSC development. In our cohort, a history of appendicectomy was an independent significant risk factor for PSC development. This finding is not in line with data from Florin et al. [25] as well as Mitchell et al. [26] , who did not find that appendectomy increased the risk for PSC. As a word of caution, we need to mention that the SIBDCS questionnaires did not assess the exact year of appendicectomy. As such, the temporal relationship between appendicectomy and PSC diagnosis remains unclear.
The long-term outcome of IBD patients with PSC in the SIBDCS was characterized by considerable morbidity and mortality. Survival of IBD-PSC patients was significantly worse compared with IBD patients (P = 0.001). During a follow-up period of 6.3 years, 8.3% (4/48) of UC-PSC patients developed cholangiocarcinoma, which results in an annual incidence rate of 1.3%. As such, our data are in accordance with the results from Bergquist et al. [27] , who determined in a large cohort study comprising 604 Swedish PSC patients an annual incidence rate of cholangiocarcinoma of 1.5%. The Swiss data on the considerable morbidity and mortality associated with PSC are also in accordance with findings from Tischendorf et al. [28] , who described a German cohort of 273 PSC patients over a median follow-up time of 76 months (which compares well with the follow-up time in the SIBDCS). The authors found that the estimated median survival from the time of diagnosis to death or time of liver transplantation was 9.6 years. In the German cohort, 108 (39.6%) patients underwent liver transplantation and hepatobiliary malignancies were found in 39 (14.3%) patients.
Our study does have strengths as well as some limitations. The data stem from the large and well-characterized SIBDCS. We confirm the data of previous cohort studies reporting on PSC prevalence in UC and CD, associated risk factors, as well as the significantly increased mortality of IBD patients affected by PSC. A detailed hand search of source documents (patient files) was performed in IBD patients with concomitant PSC to seek information on items that are not routinely captured by the SIBDCS questionnaires. One important limitation is that our national cohort is not population based. As such, IBD patients recruited in hospitals (80%) are over-represented compared with those recruited from private practice (20%). The results may therefore not be applicable to all IBD patients. Second, we cannot provide incidence data on PSC in the IBD population. Third, the evaluated risk factors for CD-PSC patients are not solid enough for interpretation, given the small sample size (n = 9 CD-PSC patients). Fourth, the observed disease duration of UC-PSC patients (median 13 years) was significantly longer compared with the disease duration of UC alone patients (median 9 years, P =0.005), which increases the risk for undergoing complications.
In summary, we could confirm previously published data on PSC prevalence, associated risk factors, and the unfavorable long-term evolution in a large and wellcharacterized cohort of IBD patients. Our data emphasize the need to pay particular attention during the follow-up of IBD patients with concomitant PSC.
